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sitive  to  environmental  effects  (Yaltırık  1993;  Edwards 
2008). In recent decades, a decline in the number of fir spe-





































Table 1. Seed materials collected from five different provenances.














Göksun (K.Maraş) A. cilicica subsp. cilicica 38°02’ 36°24’ 1650 North
Saimbeyli (Adana) A. cilicica subsp. cilicica 38°01’ 36°04’ 1450 North
Kozan (Adana) A. cilicica subsp. cilicica 37°45’ 35°35’ 1400 North
Anamur (Mersin) A. cilicica subsp. isaurica 36°17’ 32°54’ 1414 North
Bucak (Burdur) A. cilicica subsp. isaurica 37°23’ 30°37’ 1350 North
figure 1. The natural distribution of A. cilicica (Ant. et Kotschy) Car-
riére (Browicz 1982).














Dormancy Level and Pretreatment Requirements – 
Stupanj dormantnosti i predsjetvena priprema
To find out the dormancy level and the pre-chilling requi-
rement of the species, seeds from five different populations 
(Table 1) were subjected to 0 (control), 2, 4, and 6 weeks 
(w) pre-chilling at 4 °C. Pretreatments were applied in pla-
stic bottles covered with perforated aluminum foil in the 
dark. The top of the bottle was covered with perforated alu-
minum foil to allow for gas exchange. During the pretrea-
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tments, the bottles were weighed weekly to check for alte-
red moisture content of the seeds, and distilled water was 
added by spraying, if needed. The germination tests were 
performed on two-layered filter paper in 15-cm diameter 
Petri dishes with 150 (3 × 50) seeds at 20 °C. Seeds were 
rinsed with distilled sterile water for five minutes prior to 
the germination test. The seeds were considered germina-
ted when their radicles protruded 3 mm and showed geo-
tropism. The Petri dishes were examined every two days, 
and the germinated seeds were counted and removed. Ger-
mination tests were terminated on day 28.


















































Dormancy Level and Pretreatment Requirements – 














Table 2. Morphological characteristics of the seed of A. cilicica.


















Göksun 14.54ab 7.11b 4.38bc 0.150c 149.4
Saimbeyli 15.04a 7.30b 4.13c 0.169b 167.4
Kozan 13.97b 7.70a 4.66ab 0.162bc 161.3
Anamur 12.99c 6.51c 4.28c 0.165b 171.1
Bucak 14.74a 7.04b 4.73a 0.202a 198.9
Average – Prosječno 14.26 7.13 4.44 0.170 169.7
1  The values on the same line followed by the same letters are not significantly different at p < 0.01
1  Vrijednosti označene istim malim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
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figure 2. The overall average germination curve of five A. cilicica pop-
ulations at germination temperature of 20 °C: fresh and after 2, 4, and 
6 weeks pre-chilling duration.
Slika 2. Srednje ukupne krivulje postotka klijavosti pri temperaturi od 20 °C 
za pet provenijencija sjemena A. cilicica: svježe sjeme i nakon različito 
dugačke stratifikacije (2, 4 i 6 tjedana).
figure 3. Germination curves of A. cilicica populations: fresh and after 
2, 4, and 6 weeks pre-chilling duration.
Slika 3. Krivulje postotka klijavosti pet istraživanih provenijencija sjemena 
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Table 3. Two, four, and six week pre-chilled A. cilicica seed germination percentages at 20 °C.













Göksun 60.7b1 74.0b 72.0b 87.3a 73.5B2
Saimbeyli 74.0b 92.0a 93.3a 92.0a 87.8A
Kozan 21.3c 77.3b 85.3ab 90.7a 68.7B
Anamur 7.3c 5.3c 24.0b 69.3a 26.5D
Bucak 14.7d 30.0c 43.3b 58.7a 36.7C
Average – Prosječno 35.6d 55.7c 63.6b 79.6a
1  The values on the same line followed by the same letters are not significantly different at p < 0.01
1  Vrijednosti u istom retku označene istim malim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
2  The values on the same column followed by the same capital letters are not significantly different at p < 0.01
2  Vrijednosti u istoj koloni označene istim velikim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
Table 4. Mean germination times of A. cilicica seeds after different pretreatments at germination temperature of 20 °C.













Göksun 13.1c1 8.0b 8.0b 5.6a 8.7A2
Saimbeyli 13.9d 8.6c 6.7b 5.0a 8.5A
Kozan 22.0d 12.8c 9.9b 7.7a 13.1B
Anamur 20.7c 17.8b 19.2bc 14.5a 18.1D
Bucak 12.9a 18.9b 17.5b 13.0a 15.6C
Average – Prosječno 16.5d 13.2c 12.3b 9.1a
1 The values on the same line followed by the same letters are not significantly different at p < 0.01
1 Vrijednosti u istom retku označene istim malim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
2 The values on the same column followed by the same capital letters are not significantly different at p < 0.01
2 Vrijednosti u istoj koloni označene istim velikim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
Effects of temperature on the germination behavior after 
different durations of pre-chilling – Utjecaj temperature 





















































Table 5. Effects of temperature on germination percentage (GP) and mean germination time (MGT) of A. cilicica seeds, results of a factorial ANOVA.
Tablica 5. Utjecaj temperature na postotak klijavosti (GP) i srednje vrijeme klijanja (MGT) sjemena A. cilicica, rezultat provedene čimbenične ANOVA-e 
Source df
GP MGT
MS F P-value MS F P-value
Temperature (A)
Temperatura (A)
3 573.7 40.4 0.000 191.4 584.6 0.000
Pre-chilling (B)
Stratifikacija (B)
2 1438.6 101.3 0.000 138.1 421.8 0.000
Population (C)
Populacija (C)
2 10629.7 748.6 0.000 638.1 1949.2 0.000
A × B 6 174.4 12.3 0.000 3.5 10.7 0.000
A × C 6 89.7 6.3 0.000 13.5 41.3 0.000
B × C 4 430.7 30.3 0.000 16.1 49.0 0.000
A × B × C 12 67.2 4.7 0.000 4.9 14.8 0.000
Error – Pogreška 72 14.2 0.3
Table 6. Germination percentages of A. cilicica populations after pre-chilling for durations of 2 w, 4 w, and 6 w at various germination temperatures.


















12 °C 82.0c1 30.0d 13.3 f
56.3C2
12 °C = 61.0B16 °C 88.0abc 36.7d 17.3 f
20 °C 92.0ab 77.3b 30.0 f
24 °C 92.7ab 84.7ab 31.3de
16 °C = 61.6B
4 w
12 °C 92.7ab 86.7ab 27.3e
68.9B
16 °C 88.7abc 63.3c 39.3cd
20 °C 93.3a 85.3ab 43.3bc
20 °C = 73.6A24 °C 91.3ab 80.0b 35.3cde
6 w
12 °C 85.3abc 80.7b 51.3ab
76.2A
16 °C 84.7bc 83.3ab 53.3a
24 °C = 72.1A20 °C 92.0ab 90.7a 58.7a
24 °C 89.3abc 87.3ab 57.3a
Average – Prosječno 89.3A3 73.8B 38.2C
1 The values on the same column followed by the same small letters are not significantly different at p < 0.05
1 Vrijednosti u istoj koloni označene istim malim slovom ne razlikuju se na razini signifikantnosti od p < 0.05
2 The values on the same column followed by the same capital letters are not significantly different at p < 0.01
2 Vrijednosti u istoj koloni označene istim velikim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
3 The values on the same line followed by the same capital letters are not significantly different at p < 0.01
3 Vrijednosti u istom retku označene istim velikim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
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figure 4. Average germination curves for the three A. cilicica popula-
tions after pre-chilling for 2, 4, or 6 weeks at various germination tem-
peratures (12 °C, 16 °C, 20 °C, and 24 °C).
Slika 4. Prosječne krivulje postotka klijavosti sjemena A. cilicica za tri pro-
venijencije nakon stratifikacije od 2, 4 i 6 tjedana pri temperaturama od 

































































University  Scientific  Research  Unit,  Project  number: 
2010/1-1M.
Table 7. Mean germination time of each A. cilicica population after pre-chilling for 2, 4, or 6 weeks at various germination temperatures.


















12 °C 12.2h1 17.4g 19.0cd
13.9C2
12 °C= 15.0D16° C 9.3f 15.8f 18.9cd
20 °C 8.6e 12.8e 18.9cd
24 °C 5.9b 13.8e 13.9b
16 °C = 12.7C
4 weeks
4 tjedna
12 °C 10.0g 15.6f 20.9e
11.9B
16° C 7.4d 10.4d 20.2de
20 °C 6.7c 9.9cd 17.5c
20 °C = 11.1B24 °C 5.2a 8.6bc 10.2a
6 weeks
6 tjedana
12 °C 8.8ef 13.7e 17.8c
10.0A
16° C 7.9d 10.6d 14.1b
24 °C = 8.7A20 °C 5.0a 7.7a 13.0b
24 °C 5.5ab 6.3a 9.2a
Average – Prosječno 7.7A3 11.9B 16.1C
1 The values on the same column followed by the same small letters are not significantly different at p < 0.01
1 Vrijednosti u istoj koloni označene istim malim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
2 The values on the same column followed by the same capital letters are not significantly different at p < 0.01
2 Vrijednosti u istoj koloni označene istim velikim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
3 The values on the same line followed by the same capital letters are not significantly different at p < 0.01
3 Vrijednosti u istom retku označene istim velikim slovom ne razlikuju se na razini signifikantnosti od p < 0.01
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